Objective-We have previously shown that human macrophages induce human plaque vascular smooth muscle cell (VSMC) apoptosis by cell-cell proximity, Fas-L, and nitric oxide (NO), thereby predisposing to plaque rupture. This study sought to analyze whether tumor necrosis factor-␣ (TNF-␣) contributes additionally to macrophage-induced VSMC apoptosis. Methods and Results-Macrophage-induced VSMC apoptosis was examined in direct coculture. Antagonistic antibodies to TNF-receptor (R1) inhibited VSMC apoptosis, and preincubation of monocytes and VSMCs indicated that TNF-R1 on both cell types contributed to macrophage-induced VSMC apoptosis. Correspondingly, both monocytes and VSMCs expressed TNF-R1, and macrophages expressed cell surface TNF-␣. Two NO donors upregulated VSMC surface TNF-R1, and exogenous TNF-␣ induced VSMC apoptosis synergistically with the NO donor diethylenetriamine/NO, indicating that NO sensitizes VSMCs to TNF-␣. Neutralizing anti-TNF-R1 antibodies inhibited macrophage activation assessed by Fas-L expression and NO secretion. 
A therosclerotic plaque rupture causes myocardial infarction. 1, 2 Plaque ruptures are associated with increased fibrous cap macrophages, reduced fibrous cap vascular smooth muscle cells (VSMCs), and increased VSMC apoptosis. [3] [4] [5] Because VSMCs are the only cells within plaques capable of synthesizing structurally important collagen isoforms, VSMC apoptosis might promote plaque rupture. 4, 5 We have shown previously that cultured, human blood monocyte-derived macrophages induce human VSMC apoptosis by direct cell-cell contact, Fas-L/Fas, and nitric oxide (NO). 6, 7 Macrophages produce other proapoptotic factors, including the Fas-L homologue tumor necrosis-factor-␣ (TNF-␣). 6 TNF-␣, like Fas-L, has a bioactive, membrane-bound pro-form that mediates cell-cell contact-dependent apoptosis both in vitro 8, 9 and in vivo. 10 Although the mechanism by which TNF-␣ acts in cytotoxicity is less clear, there is evidence that it induces VSMC apoptosis synergistically, with the inflammatory cytokines interleukin-1␤ and interferon-␥. 11 TNF-␣ acts through 2 receptors, TNF-R1 and TNF-R2. 12 Both TNF-R1 and TNF-R2 are homologous to Fas. 13, 14 Like Fas, TNF-R1 has a death domain that initiates assembly of a death-induced signaling complex, thus activating caspases. 13 TNF-R2 is homologous to TNF-R1 and Fas but lacks a death domain. 13 The mechanism for the proapoptotic effect of TNF-R2 is uncertain. TNF-R2 might, like TNF-R1, by way of tumor necrosis factor receptor-associated factor (TRAF) adaptor molecules, 13 produce proapoptotic effects. Indeed, TNF-R1 and TNF-R2 cooperatively interact to induce apoptosis through TRAFs. 15 Alternatively, Grell et al 12 have postulated that TNF-R2 might mediate the proapoptotic effects of TNF by ligand passing to TNF-R1. Furthermore, macrophage-derived TNF-␣ might activate macrophages in an autocrine loop. 16 -18 Although this could promote cytotoxicity, it is uncertain whether TNF-R1 or TNF-R2 mediates this process.
We tested the hypothesis that TNF-␣ contributes to macrophage-induced VSMC apoptosis. We show herein that macrophage-derived TNF-␣ contributes to macrophageinduced apoptosis through effects on VSMCs and autocrine macrophage activation. Importantly, NO could directly sensitize VSMCs to TNF-␣ by increasing cell surface TNF-R1.
Statistical Methods
Statistical analyses were performed as described previously (please see http://atvb.ahajournals.org) with commercially available software (Stat-View) on a personal computer/microcomputer as before. 6 Binomially distributed data were analyzed by ANOVA, and skewed data were analyzed with Dunn's test (a modification of the KruskalWallis test) as before. 6 The level of significance was adjusted for multiple simultaneous comparisons.
Results

Antagonists of TNF-R1 and TNF-R2 Inhibit Macrophage-Induced VSMC Apoptosis
To test whether TNF-R1 or TNF-R2 was involved in macrophage-induced VSMC apoptosis, macrophages and VSMCs were cocultured for 8 days, and VSMC apoptosis was then assessed by using DNA-binding dyes and the macrophage marker CD14 (conjugated to fluorescein isothiocyanate [FITC] ). This allows discrimination of apoptosis in both macrophages and VSMCs. We assessed both human carotid plaque-derived VSMCs and a semi-immortalized, human medial VSMC cell line, HCMED1-E6 VSMCs. 6 Human plaque VSMCs showed low levels of spontaneous apoptosis (5.2Ϯ0.9%), but macrophage coculture significantly increased the plaque VSMC apoptotic index (81Ϯ2.9%) ( Figure 1A ). Neutralizing antibodies to TNF-R1 significantly inhibited macrophage-induced VSMC apoptosis (32Ϯ4.2%), with no effect observed with an isotype-matched control (83.1Ϯ2.8%). Anti-TNF-R1 produced no change in apoptosis of isolated macrophages or VSMCs individually (PϾ0.05, data not shown).
HCMED1-E6 VSMCs showed a similar pattern of macrophage-induced VSMC apoptosis ( Figure 1B ; control VSMCs, 7.6%Ϯ2.9%; untreated macrophage/VSMC cocultures, 76%Ϯ5.5%; anti-TNF-R1 antibody, 4.9%Ϯ0.9%; anti-TNF-R2 antibody, 2.5%Ϯ0.4%; and isotype control antibody, 82Ϯ9.8%) Thus, anti-TNF-R1 and anti-TNF-R2 antibodies reduced macrophage-induced HCMED1-E6 VSMC apoptosis, implying that both pathways are required for full macrophage cytotoxicity.
Expression of TNF-␣/TNF-R1/TNF-R2 Signaling Pathway in Monocytes, Macrophages, and VSMCs
Because macrophages and VSMCs were directly cocultured, inhibition of the macrophage-induced VSMC apoptosis by TNF-R antagonists could be mediated by effects on macrophages, VSMCs, or both. To clarify which cells were the site of action, we assessed expression of TNF-␣, TNF-R1, and TNF-R2 in monocytes (culture day 1), macrophages (culture day 8), and VSMCs by Western blot analysis and flow cytometry (Figure 2A) .
Western blots detected TNF-R1 in lysates of all VSMCs examined: HCMED1-E6 coronary medial, carotid plaque (passage 2), and primary aortic VSMCs (passage 4; Figure  2A ). HCMED1-E6 VSMCs and aortic VSMCs had identical TNF-R1 levels. TNF-R2 was not detected in HCMED1-E6 or aortic VSMCs but was detected in plaque VSMCs ( Figure  2A ). Expression of TNF-R1 and TNF-R2 decreased strongly as macrophages became activated from day 1 to day 8 ( Figure  2A ). Expression of TNF-R1 and TNF-R2 was further confirmed by immunocytochemistry of cocultures and of macrophage and VSMC monocultures (not shown). 
Macrophage Maturation Increases Surface TNF-␣
We have previously shown that VSMC apoptosis induced by direct coculture with macrophages at day 8 after isolation requires direct cell-cell contact or proximity. 6 We reasoned that to effect cell-cell contact-related apoptosis, TNF-␣ and TNF-R1 must be expressed on the cell surface. Although more difficult to demonstrate, detection of TNF-␣ on the cell surface would be more informative for contact-dependent apoptosis than detection by ELISA or Western blots of supernatants. Therefore, surface and total TNF-␣ were assessed by flow cytometry of nonpermeabilized and permeabilized cells, respectively. Surface expression of TNF-␣ was found at culture day 8 on macrophages ( Figure 2B ) but not at culture day 1 ( Figure 2B ). TNF-␣ staining after cell permeabilization revealed that macrophages had similar levels of total cellular TNF-␣ from culture days 1 to 8 ( Figure 2B ). A time-course experiment showed that TNF-␣ appeared on the macrophage cell surface at culture day 5 ( Figure 2C ). Thus, macrophages at culture day 1 expressed TNF-␣ intracellularly but at culture days 5 to 8 expressed TNF-␣ on the cell surface. With macrophage maturation, expression of surface TNF-R1 and TNF-R2 was lost, confirming the Western blot data. Thus, coincident with cytotoxicity at culture days 5 to 8, 6 macrophages acquire cell surface TNF-␣ and lose TNF-Rs.
Aortic and HCMED1-E6 VSMCs Express TNF-R1 Intracellularly but Plaque VSMCs Express Cell Surface TNF-R1
We have recently found that macrophage-induced VSMC apoptosis involves NO-induced cell surface trafficking of Fas. 19 We therefore asked whether TNF-R1 underwent a similar relocalization. To examine total and surface expression of TNF-R1, we performed flow cytometry of permeabilized and nonpermeabilized VSMCs, respectively ( Figure  2D ). TNF-R1 was detected in permeabilized but not in nonpermeabilized HCMED1-E6 VSMCs, indicating an intracellular location. TNF-R2 could not be detected on either permeabilized or nonpermeabilized HCMED1-E6 VSMCs, consistent with data from the Western blots.
In 4 of 5 isolates of (passage 4) normal human aortic medial VSMCs, TNF-R1 was detected only after permeabilization, indicating that it was located mainly intracellularly ( Figure 2D ). Thus, aortic VSMCs expressed TNF-R1 mainly intracellularly, similar to HCMED1-E6 VSMCs.
In contrast, TNF-R1 was detected in nonpermeabilized, carotid plaque VSMCs (nϭ3 donors), indicating that it was on the cell surface ( Figure 2D ). No additional TNF-R1 expression was detected after permeabilization ( Figure 2D ), indicating that in contrast to HCMED1-E6 VSMCs and aortic VSMCs, TNF-R1 is found mainly on the surface of carotid plaque VSMCs. The VSMCs examined did not express TNF-␣ ( Figure 2D ).
Signaling Through Both Macrophages and VSMC TNF-R1 Contributes to Macrophage-Induced VSMC Apoptosis
Because TNF-R1 was found on cultured macrophages and VSMCs, we asked whether TNF-R1 antibodies reduced apoptosis by acting on macrophages or VSMCs. Plaque VSMCs and macrophages were selectively preincubated with anti-TNF-R1 before coculture, and apoptosis was assessed as before ( Figure 3A and 3B) . Preincubation of either macrophages or plaque VSMCs with anti-TNF-R1 inhibited macrophage-induced apoptosis (Figure 3 ). This indicates that both macrophage TNF-R1 and plaque VSMC TNF-R1 contributed to macrophage-induced plaque VSMC apoptosis.
The contribution of HCMED1-E6 VSMC-TNF-R1 to macrophage-induced VSMC apoptosis was assessed. The protocol was modified to account for the intracellular HCMED1-E6 VSMC TNF-R1's being difficult to neutralize with preincubated antibody and macrophage TNF-R1's being undetectable at culture days 6 to 8 ( Figure 3B ). We compared adding anti-TNF-R1 antibodies to macrophages at culture days 1 to 6 with adding anti-TNF-R1 antibodies to coculture at culture days 6 to 8 ( Figure 3B ). Anti-TNF-R1 reduced VSMC apoptosis to 10% to 20% of control value when added either to macrophages (culture days 1 to 6) or to cocultures ( Figure 3B ). Thus, macrophage TNF-R1 and VSMC TNF-R1 contributed to macrophage-induced apoptosis of both plaque VSMCs and coronary artery-derived VSMCs. Because anti-TNF-R1 antibodies were effective even when preincubated with macrophage monocultures and then washed off, we concluded that TNF-␣ activated macrophages to a proapoptotic phenotype by way of TNF-R1.
NO Donors Upregulate VSMC Surface TNF-R1
The NO donors diethylenetriamine (DETA)/NO and sodium nitroprusside upregulate VSMC surface Fas death receptor from an intracellular pool, contributing to macrophage- induced apoptosis. 19 We therefore tested whether the same applied to VSMC TNF-R1. DETA/NO (1 mmol/L) and sodium nitroprusside (1 mmol/L) upregulated surface TNF-R1 on HCMED1-E6 VSMCs and on primary, untransfected, aortic medial VSMCs, as detected by 2 anti-TNF-R1 antibodies (online Figure IA and IB; please see http:// atvb.ahajournals.org). The control compound DETA produced no change in VSMC surface TNF-R1, indicating specificity for NO (online Figure I) .
TNF-␣ Induces Apoptosis in Cultured, Plaque-Derived VSMCs
If TNF-␣-induced VSMC apoptosis occurs by a direct effect on VSMCs, then exogenous TNF-␣ should induce VSMC apoptosis. Furthermore, if NO-induced upregulation of TNF-R1 is functionally effective, then NO treatment should sensitize VSMCs to TNF-␣-induced apoptosis. This was tested on plaque-derived VSMCs (online Figure IC) . Both DETA/NO and TNF-␣ (100 nmol/L) increased plaque VSMC apoptosis, with a significant further increase when both agents were used (61Ϯ2.3%; Figure IC) . Thus, TNF-␣ can induce apoptosis of human plaque VSMCs on its own. Furthermore, NO sensitizes plaque VSMCs to TNF-␣-induced apoptosis.
We next tested whether TNF-␣ and Fas-L were synergistic for inducing plaque VSMC apoptosis, as assessed by propidium iodide/Hoechst staining after 48-hour incubation (online Figure ID) . With a lower concentration of TNF-␣ (10 nmol/L), neither TNF-␣ nor Fas-L induced apoptosis alone, but the combination did. This results upheld the hypothesis that Fas-L and TNF-␣ induce plaque VSMC apoptosis synergistically.
Signaling Through TNF-R1 and TNF-R2 Is Required for Macrophage Activation to Express Fas-L and NO
In culture, human blood-derived macrophages express Fas-L and NO and become proapoptotic in parallel with the upregulation of the recognized activation markers CD16 and human leukocyte antigen-DR (HLA-DR). 6, 7 Preincubation of monocytes with anti-TNF-R1 indicated that TNF-␣ contributed to VSMC apoptosis by way of monocyte TNF-R1. Although anti-TNF-R2 antibodies inhibited macrophage-induced HCMED1-E6 VSMC apoptosis, only macrophages expressed TNF-R. These findings suggested that macrophage maturation in culture requires autocrine TNF-␣. We therefore tested whether antagonistic anti-TNF-R2 and anti-TNF-R1 antibodies modulated macrophage surface Fas-L expression and nitrite efflux, previously described mechanisms of macrophage-induced VSMC apoptosis in monocultures of macrophages. In these cultures, there would be no source of TNF-␣ but the macrophages themselves.
Monocytes were cultured in isolation for 8 days to allow differentiation to macrophages, in the presence and absence of neutralizing antibodies to TNF-R1 or TNF-R2. Macrophage nitrite efflux was reduced by anti-TNF-R1 or anti-TNF-R2 antibodies (online Figure IIA and IIB; please see http://atvb.ahajournals.org). Incubation of 8-day macrophage monocultures with neutralizing anti-TNF-R1 or with anti-TNF-R2 antibodies also abolished surface Fas-L expression in macrophages cultured in isolation to maturation at day 8 (online Figure IIC) . This indicates that macrophage autocrine TNF-␣ was required for expression of macrophage Fas-L. Thus, macrophage-derived TNF-␣ acts in an autocrine pathway by way of TNF-R1 and TNF-R2 to promote NO synthesis and Fas-L surface expression. Because TNF-␣ was required for expression of Fas-L, we also examined whether the converse was true. However, antagonistic anti-Fas-L antibodies had no effect on macrophage TNF-␣ expression (online Figure IID) . Thus, whereas TNF-␣ controlled Fas-L, Fas-L did not control TNF-␣, indicating that Fas-L lies downstream of TNF-␣ for macrophage cytotoxic activation.
Macrophage TNF-␣ Expression Is Dependent on Medium Lipoproteins
Within the vessel wall, the transition from monocytes to macrophages is accompanied by accumulation of modified lipoproteins, many of which have been implicated in macrophage activation. We therefore examined the role of lipoproteins in TNF-␣-associated macrophage activation. We examined TNF-␣ and Fas-L surface expression, nitrite efflux, and VSMC apoptosis in macrophages cultured in control medium or in medium constituted with lipoprotein-depleted fetal calf serum (LDFCS), as described 20 Incubation in LDFCS had no effect on macrophage survival (data not shown) but reduced both macrophage-induced plaque VSMC apoptosis (apoptotic index, meanϮSEM: control, 72Ϯ5%; LDFCS, 25Ϯ3.4%) and nitrite efflux (control, 438Ϯ56 nmol nitrite; LDFCS, 290Ϯ20 nmol nitrite; PϽ0.05). Incubation in LPDFCS consistently reduced the spontaneous expression of surface Fas-L and TNF-␣ by isolated, cultured macrophages at maturation day 8 (online Figure IIIA and IIIB) . Importantly, the addition of physiologic levels of LDL (0.2 mg/mL) 20 reconstituted the typical expression of surface Fas-L and TNF-␣ by isolated macrophages at culture day 8 (online Figure IIIC) . In addition, the scavenger receptor ligands acetyl-LDL, maleyl-bovine serum albumin, and polyinosine (but not polycytosine, a recognized control for polyinosine 21 ) stimulated macrophage surface Fas-L and TNF-␣ expression (online Figure IIID-IIIG) . Furthermore, an inhibitory antibody to the macrophage scavenger receptor anti-CD36 antibody, clone SM macrophage, reduced macrophage-induced HCMED1-E6 VSMC apoptosis in a concentration-dependent manner (online Figure IIIH) . Flow cytometry confirmed that the macrophages expressed CD36 (Figure IIIJ) as before. 22 Thus, macrophageinduced apoptosis and surface Fas-L expression at culture days 6 to 8 is lipoprotein dependent and scavenger receptor dependent.
TNF-R1 and TNF-␣ Are Expressed in Human, Ruptured, Carotid Plaques
For TNF-␣ to contribute to macrophage-induced VSMC apoptosis and the rupture of human plaques, then it should be expressed in ruptured human carotid atherosclerotic plaques. Indeed, immunohistochemistry demonstrated that CD68-positive macrophages were immunoreactive for TNF-␣, and ␣-actin-positive VSMCs were immunoreactive for TNF-R1 (online Figure IV ; please see http://atvb.ahajournals.org).
Discussion
Macrophage-induced VSMC apoptosis could contribute to plaque rupture. 1, 2, 23 We have recently reported that human blood-derived macrophages induce apoptosis in human plaque-derived VSMCs in direct coculture, involving direct cell-cell contact, Fas, and NO. 6 In this study, we demonstrate that TNF-␣ promotes macrophage-induced VSMC apoptosis. Thus, blockade of TNF-R1 and TNF-R2 each inhibited VSMC apoptosis. Western blotting and flow cytometry showed that TNF-R1 and TNF-R2 were expressed by monocytes and VSMCs and that macrophages expressed cell surface TNF-␣. TNF-R1 was expressed on the cell surface in plaque VSMCs, and its cell surface expression was induced by NO in HCMED1-E6 VSMCs. Thus, TNF-␣ and its receptors were appropriately located to effect apoptosis.
However, TNF-␣ does not act in isolation, as macrophageinduced VSMC apoptosis also requires NO and Fas-L. 6 Data presented here indicate that there are cooperative interactions between TNF-␣, Fas-L, and NO, modulating both macrophage activation and VSMC responsiveness. The use by macrophages of TNF-␣, NO, and Fas-L to effect apoptosis might appear redundant. However, our experiments have indicated that inhibition of any 1 of these might result in substantial inhibition of apoptosis, even though the other 2 mechanisms are not directly inhibited. This suggests that cooperative interactions might occur between these 3 mediators, and the present study outlines several such interactions.
Fas and TNF-R1 are homologues and initiate caspasedependent death signaling by similar mechanisms. 13, 14 Others have previously found that apoptosis induced by Fas-L and TNF-␣ is synergistic. 14 We have confirmed that this synergism also applies to cultured, plaque-derived VSMCs. Indeed, this synergism provides further explanation for the apparent requirement for all 3 mediators in macrophageinduced VSMC apoptosis. Here we showed that NO upregulated TNF-R1 on VSMCs, which would be expected to sensitize them to TNF-␣-induced apoptosis. We have previously shown that NO similarly upregulates surface Fas 7 and that p53 upregulates surface Fas and TNF-R1. 19 Earlier, Geng et al 11 likewise importantly showed that cytokines induce apoptosis of medial VSMCs and sensitize VSMCs to Fasinduced apoptosis. 5 We studied the effects of Fas-L, TNF-␣, and NO on plaque-derived VSMCs, which are "primed" for apoptosis. We found with plaque VSMCs that although NO, TNF-␣, and Fas-L could induce some apoptosis in isolation, they induced apoptosis synergistically with each other. Thus, not only does NO "gate" VSMC activation for apoptosis by Fas and TNF-␣, but also Fas and TNF-␣ gate each other.
We have previously published data that the monocytes used were Ͼ99% pure and free of T lymphocytes. 6 Moreover, we have shown that inclusion of lymphocytes reduces the efficacy of macrophage-induced apoptosis 6 and that macrophage cytotoxic activation in these preparations was positively identified as dependent on lipoproteins. Thus, we are confident that we have excluded macrophage activation via TNF-R due to major histocompatibility complex mismatching and rejection-type phenomena.
However, further interactions are revealed by analysis of the monocyte-macrophage transition. We have previously shown that human peripheral blood monocytes added to culture become activated proapoptotic macrophages expressing activation markers CD16 and HLA-DR. 6 The monocyte-macrophage transition in vivo is often considered analogous to the monocyte-macrophage transition in vivo, although the extent of similarity is not clear. Monocyte-macrophage activation might be stimulated by adhesion in vitro 24 and by transendothelial migration in vivo. 25 We have previously shown that macrophages acquire proapoptotic potential after 5 to 8 days in culture, 6 and others have shown that oxidized lipoproteins stimulate macrophage liberation of soluble TNF-␣ in vitro. 26 Although the mechanism for this effect was not studied, it is most likely by scavenger receptor ligation, because scavenger receptors are the major receptors for oxidized lipoproteins 1 and activate macrophages. 22, 27, 28 We have extended this concept to involve spontaneous macrophage maturation in culture.
Our observed downregulation of macrophage TNF-Rs with maturation is consistent with the literature. 29 -32 Furthermore, stimulation by TNF-␣ is recognized to downregulate TNF-R1 and TNF-R2. 30, 32 In endothelial cells, NO stimulates shedding of TNF-R1. 29 Thus, loss of TNF-R1 and TNF-R2 could reflect macrophage autocrine stimulation via NO or TNF-␣.
Although TNF-R1 and TNF-R2 were required for macrophage-induced VSMC apoptosis in vivo, monocytes expressed TNF-R1 and TNF-R2, raising the possibility that monocytes were a site of action of TNF-␣. This was confirmed by preincubation experiments, which showed that incubation of monocyte-macrophage monocultures with anti-TNF-R1 or TNF-R2 antibodies from commencement abrogated macrophage Fas-L and NO in the mature macrophages and inhibited macrophage-induced VSMC apoptosis. Cooperative action of both TNF-R1 and TNF-R2 mediating an effect of TNF-␣ is well precedented in other systems, eg, in HLA-DR induction in endothelial cells 12 or macrophage activation by CD40. 18 Although TNF inhibition inhibited Fas-L, the converse was not true-Fas-L inhibition did not inhibit TNF-␣ surface expression, indicating that Fas-L is downstream of TNF-␣. In contrast, NO and TNF-␣ appear to be mutually dependent, because inhibiting NO reduced TNF-␣ and vice versa. The reason for this "chicken-and-egg" scenario is uncertain. However, in vivo, macrophages need to respond quickly to challenge. The interdependency could provide a positive-feedback loop, thereby accelerating macrophage activation in response to stimuli from tissue injury or pathogens. Thus, TNF-␣ promotes macrophageinduced VSMC apoptosis through several interactions, namely: (1) TNF-R1 is synergistic with Fas on VSMCs, (2) NO upregulates VSMC TNF-R1, (3) NO is synergistic with TNF-␣ to induce VSMC apoptosis, and (4) TNF-␣ upregulates macrophage inducible NO synthase (iNOS) and surface Fas-L through autocrine TNF-R1 and TNF-R2. Macrophage activation is variably defined. The best accepted markers are CD16 and HLA-DR. We have previously shown that macrophages in our culture system express surface Fas-L, secrete NO, and become proapoptotic in parallel with expression of CD16 and HLA-DR. 6, 7 Our data that anti-TNF-R1 and anti-TNF-R2 antibodies reduce NO secretion and surface Fas-L indicate that inhibiting autocrine TNF-␣ reduces macrophage activation.
In culture, human blood-derived macrophages become activated and express iNOS, cell surface Fas-L, and TNF-␣, which in combination induce cell-cell contact-dependent VSMC apoptosis. 6 Peripheral blood monocytes migrate into atherosclerotic plaques, phagocytose oxidized lipoproteins by scavenger receptors, and become activated to macrophages. 1 Macrophage differentiation in plaques is associated with expression of Fas-L and iNOS. 6, 33 If our in vitro system is related to these findings in plaques, then proapoptotic activation should be dependent on culture lipoproteins (which occurs normally in fetal calf serum 20 ) , and on scavenger receptors, which was confirmed. Furthermore, this model predicts that plaque macrophages should express TNF-␣ and plaque VSMCs should express TNF-R1, which we also confirmed. In conclusion, we have demonstrated that TNF-␣ promotes human macrophage-induced VSMC apoptosis by cooperative interactions with NO and Fas-L/Fas.
